and natural killer (NK) cell immunity are known to be essential for defense against HPV. Therefore, severe or recalcitrant warts may suggest an underlying immune defect. Widely disseminated cutaneous warts have not been reported in X-linked HIGM.
We report a case of disseminated and recalcitrant cutaneous warts in a 49-year-old male with a life-long history of hypogammaglobulinemia. The patient initially presented at the Boston Children's hospital with frequent respiratory tract infections and otitis media at 6 months of age. He was diagnosed with a primary antibody deficiency at age 3 and immunoglobulin replacement was initiated at age 5. His initial immunoglobulin levels at age 3 were: IgG 107 (reference range: 700-1600) mg/dL, IgA 70 (reference range: 70-400) mg/dL, and IgM 70 (reference range: 40-230) mg/dL. There was no family history of immunodeficiency, and he was born of a non-consanguineous marriage. There were no male relatives on the maternal side of his family in recent generations. As an adult, he had at least four episodes of pneumonia requiring hospitalization and an episode of empyema requiring chest tube placement. He also had bronchiectasis and chronic sinusitis. On referral to Mount Sinai at age 39 while on immune globulin replacement, his IgG was 679 mg/dL; IgA was 19 mg/dL, and IgM was 205 mg/dL. He had the working diagnosis of common variable immunodeficiency (CVID). His medical history was also notable for HPV-negative urothelial carcinoma at age 42, treated surgically with success.
The patient had first developed scattered cutaneous warts at the age of 5. Since his teenage years, the warts had become increasingly severe and wide-spread. On physical exam, there were hundreds of exophytic papules covering his neck, trunks, and extremities (Fig. 1a) . On the palmoplantar surfaces, there were extensive coalescing warts forming thick, hyperkeratotic plaques (Fig. 1b, c) . Working with sheet metal at his job, the patient noted that small cuts sustained allowed the warts to spread on his hands. The warts had been recalcitrant over the course of four decades despite various therapy attempts, including salicylic acid, acitretin, cimetidine, intralesional candida immunotherapy, and peg-interferon alpha. Additional laboratory investigations were notable for mild neutropenia, low CD19+ B cells, and modest decrease in mitogen induced lymphocyte proliferation (Supplemental Table 1 Table 1 ). Due to his early onset hypogammaglobulinemia and cutaneous warts, WHIM syndrome was first considered; however, the CXCR4 gene sequence was normal. Whole exome sequencing (WES) was performed, which revealed a deleterious novel frameshift mutation p.Ser214fs (c.641delC in NM_000074.2) in his CD40LG and a carrier status in his mother (confirmed with Sanger sequencing, Supplemental Fig. 1 ). No nonsynonymous mutations in genes more commonly associated with extensive warts (TMC6, TMC8, GATA 2, IKBKG) or other genes plausibly connected to his phenotype [6] were identified, except three common missense variations in DOCK8 (Supplemental Tables 2 and 3) . Western blotting analysis demonstrated that DOCK8 protein was present in the patient (Supplemental Fig. 2) . Flow cytometry analysis of peripheral blood T cells confirmed a lack of CD40L expression on the surface of activated CD4+ T cells upon in vitro stimulation with ionomycin and PMA, establishing the diagnosis of X-linked HIGM (Supplemental Fig. 3 ). The patient remains on gamma globulin infusion and clarithromycin prophylaxis with no additional infectious complications in recent years; however, his extensive cutaneous warts have remained recalcitrant.
Susceptibility to viral infections is not a typical feature of HIGM syndrome and noted in only small numbers in several series. Viral infections (e.g., parvovirus B19, n = 13; herpes spp., n = 7; cytomegalovirus, n = 5) were noted in 46 cases in the USIDNET registry [4] ; in the LASID registry, cytomegalovirus, hepatitis B virus, herpes simplex, molluscum contagiosum, HPV, and parainfluenza were found in one subject each [5] . To our knowledge, there is one report of a 28-yearold male with HIGM syndrome who had recurrent herpes labialis and recalcitrant warts on the hands, elbows, and knees [7] . There are limited reports of wide-spread and treatmentresistant warts in patients with presumed CVID [8, 9] . Interestingly, these patients were found to have concurrent defects in cellular immunity, raising the possibility that they may in fact carry an alternative more specific genetic diagnosis.
Our patient does have modestly diminished mitogeninduced lymphocyte proliferation (supplemental Table 1 ). Both normal and reduced in vitro antigen-specific T cell response have previously been reported in XHIGM patients, indicating a degree of variability in T cell functional deficiency in this disorder [10] . While impaired antigen-specific T cell response could have partially contributed to HPV susceptibility in this patient, it may be less likely to be the sole mechanism as viral susceptibility remains uncommon in XHIGM cohort. NK cells can contribute to immune defense against HPV. In the literature, there is one report of a single XHIGM patient with an absence of NK cells, though he did not present with severe HPVor other viral infections [11] . Our patient has normal NK cell counts upon examination. CD40L has pleiotropic biological effects, and the functional consequences of its absence on various immune cell lineages remain an area of active investigation [1] [2] [3] . In this context, an additional causal genetic mutation in our patient (e.g., an intronic mutation or an undefined warts-associated gene) may be less likely, especially in the absence of family history and consanguineous birth. In summary, this case highlights an atypical phenotype for a patient with the X-linked HIGM syndrome. Additionally, it underlines the need for considering alternative genetic diagnoses when a clinical phenotype does not fit the norm for CVID. The host mechanisms to control HPV infections remain poorly understood, and further studies in immune deficient subjects with susceptibility to warts may be revealing.
